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Outcomes of chronic distal biceps reconstruction with tendon
grafting: a matched comparison with primary repair
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Background: The purpose of this analysis was to analyze outcomes of distal biceps reconstruction with
soft tissue allograft in the setting of chronic, irreparable distal biceps ruptures. The outcomes of these
cases were then compared with a matched cohort of distal biceps ruptures that were able to be repaired
primarily.
Methods: Retrospective review of an institutional elbow surgery database was conducted. All cases of
distal biceps repairs were identiﬁed by Common Procedural Terminology, ICD-9, and ICD-10 codes from
January 2009 to March 2018. A direct review of operative reports was then conducted to identify which
cases required allograft reconstruction. After identiﬁcation of this population, a 2:1 manually matched
cohort of patients who underwent primary repair was generated using age, gender, body mass index,
and age-adjusted Charlson Comorbidity Index. Finally, the allograft reconstruction and matched primary repair cohorts were compared for reoperation, range of motion, and patient-reported outcomes
scores.
Results: There were 46 male patients who underwent distal biceps reconstruction with allograft (14
Achilles tendon, 32 semitendinosus) and they were matched to 92 male patients that underwent primary distal biceps repair. Mean patient age (46.9 ± 10.3 vs. 47.0 ± 9.8 years, P ¼ .95), BMI (31.3 ± 5.3 vs.
31.3 ± 4.8 kg/m2, P ¼ .60), and Charlson Comorbidity Index (1.2 ± 1.1 vs. 1.3 ± 0.9, P ¼ .64) were similar
between allograft reconstruction and primary repair groups. Disability of the Arm, Shoulder and Hand
score (7.4 ± 18.0 vs. 1.6 ± 4.1, P ¼ .23), Mayo Elbow Performance Score (92.1 ± 19.7 vs. 97.3 ± 6.4, P ¼ .36),
and Oxford Elbow Score (43.4 ± 11.0 vs. 46.8 ± 3.2, P ¼ .25) were not signiﬁcantly different between
groups at mean 5.1 years (range, 1.5-10.9 years) after surgery. There were 1 of 42 (2.2%) allograft patients who require revision compared with 3 of 92 (3.3%, P ¼ .719) in the primary repair group. In
addition, one primary repair required reoperation for scar tissue excision and lateral antebrachial
cutaneous neurolysis. Final range of motion data (twelve-week follow-up) for the allograft reconstruction group was similar to primary repair group in ﬂexion (136.1 ± 5.3 vs. 135.9 ± 2.7, P ¼ .81),
extension (0.8 ± 2.9 vs. 0.4 ± 1.7, P ¼ .53), pronation (78.0 ± 9.0 vs. 76.4 ± 15.4 , P ¼ .50), supination (77.4 ± 10.7 vs. 77.5 ± 11.9 , P ¼ .96).
Conclusion: Patients who underwent distal biceps reconstruction with a graft had similar failure rates,
reoperation rates, ﬁnal range of motion, and patient-reported outcomes scores as those treated without a
graft. Patients can be consulted that direct repair in the acute setting is preferred; however, even in the
setting of a distal biceps reconstruction with graft augmentation, they can expect low complications and
good functional results.
© 2020 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).

Investigation performed at the Rothman Institute of Orthopaedics, Methodist Hospital-Thomas Jefferson University Hospitals, Philadelphia, PA, USA.
Thomas Jefferson University Institutional Review Board approved this study (IRB#: 19D.379).
* Corresponding author: John G. Horneff, MD, Rothman Institute e Thomas Jefferson University Shoulder & Elbow Surgery Assistant Professor of Orthopaedic Surgery, 925
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addition to matching each pair individually, a running average of
age, BMI, and CCI was recorded for both the allograft reconstruction
group and the primary repair group. This was done in an effort to
dynamically monitor how these variables were changing for each
subpopulation as a whole and thus the individual matching process
could be tailored to maintaining similar overall subpopulations.

There is no agreed on timeline to deﬁne a chronic distal biceps
rupture, but such tears have been reported from 3 weeks1,7,15 to 3
months16,19 from injury. In chronic ruptures the degree of tendon
retraction and scarring is not solely predicted by time from injury to
repair. If the bicipital aponeurosis is intact, it can limit the degree of
tendon retraction into the proximal arm.17,21 There have been reports of successful direct anatomic repair in injuries treated greater
than 4 weeks from time of injury.5,9,24,29 When the tendon retraction and adhesions preclude the length required for direct anatomic
repair, anatomic reconstruction with tendon graft to the radial tuberosity can restore strength and endurance in both elbow ﬂexion
and forearm supination.2,20 Graft options that have been described
include semitendinosus autograft,11,12,18,25,31 tensor fascia lata
autograft,3,13,14,26 palmaris longus autograft,24,26,30 ﬂexor carpi
radialis autograft,16 and Achilles tendon allograft.8,22,27,32
Reports comparing acute versus delayed (surgical delay range,
14-28 days) primary repair of distal biceps ruptures have shown
higher complication rates with delayed repair.4,6,15 The current
literature on outcomes, reconstruction failures, and reoperation
rates after irreparable distal bicep tears that require reconstruction
with tendon grafting is limited to case reports and small case
series.8,10,11,23,28,31 It is unclear whether cases that require grafting
lead to similar outcomes as those that can be primarily repaired.
The purpose of this analysis was to analyze outcomes of distal
biceps reconstruction with soft tissue allograft in the setting of
chronic, irreparable distal biceps ruptures. The outcomes of these
cases were then compared with a matched cohort of distal biceps
ruptures that were able to be repaired primarily. We hypothesized
that patient-reported outcomes scores would be lower for chronic
reconstructions and that the reconstruction failure and reoperation
rate after chronic repairs requiring tendon grafting would be
higher.

Evaluation for symmetry of the matched cohorts
There were 46 consecutive distal biceps reconstructions performed with allograft (14 Achilles and 32 semitendinosis) with full
demographic and clinical data performed over the study period. No
distal biceps reconstructions were excluded. After generation of a
matched cohort of 92 patients who underwent primary repair, the
groups were analyzed for similarity. For continuous variables (age,
BMI, CCI), a two-sample t-test assuming unequal variance was
performed. For proportional variables (percentage of male patients), a two-sample z-test for comparing proportions was
calculated.
Surgical technique
Distal biceps reconstructions with allograft were performed
with two-incision radial bone tunnel technique in 35 patients (76%)
versus 11 patients (24%) with single-incision suture anchor or suture button technique. Primary repair was performed with twoincision radial bone tunnel technique in 60 patients (65%) versus
32 patients (35%) with single-incision suture anchor or suture
button technique.
Outcomes analyzed
All patients were then assessed for reoperation, repair or
reconstruction failure, range of motion (at twelve-week follow-up),
and patient-reported outcomes scores at ﬁnal follow-up. Reoperation and revision rates were identiﬁed by direct chart review for
all patients within 90 days of surgery (most patients do not followup long term after a distal biceps repair or reconstruction at our
institution and they are usually discharged from our care at
approximately the twelve-week visit). In addition, 26 allograft
reconstruction patients (57%) and 71 primary repair patients (77%)
were contacted via phone call to assess for reoperations and
patient-reported outcomes scores, including the Disability of the
Arm, Shoulder and Hand (DASH) score, Mayo Elbow Performance
Score (MEPS), and Oxford Elbow Score at mean 5.1 years (range:
1.5-10.9 years). Final range of motion data were recorded by the
primary surgeon by visualization at the ﬁnal (12 week) visit in
ﬂexion, extension, pronation, and supination. Reoperation and
revision rates were compared between groups by a two-sample
z-test for proportions. Range of motion data and patient-reported
outcomes scores were compared between groups by two-sample
t-test assuming unequal variance. All statistics were calculated
with Microsoft Excel (2013; Redmond, WA).

Materials and methods
Patient selection
After approval by our Institutional Review Board, a retrospective
review of all distal biceps repairs was performed. These cases were
collected from our institutional elbow surgery database from
January 2009 to March 2018. All distal biceps reconstructions or
primary repairs were performed by one of seven shoulder and
elbow fellowship-trained surgeons. The primary database was
assembled by Common Procedural Terminology codes. The code
utilized to identify all distal biceps repairs was 24342 (Reinsertion
of ruptured biceps or triceps tendon, distal, with or without graft).
Direct chart review was then conducted to ensure that a distal
biceps repair or reconstruction was performed. Patients were
excluded if they underwent a revision procedure or concomitant
procedure. Operative reports were searched directly to identify all
cases of reconstruction with an allograft.
Population characteristics/matching process

Results

Chart review was performed on all patients identiﬁed for preoperative variables including age, gender, body mass index (BMI),
and age adjusted Charlson Comorbidity Index (CCI). We then
analyzed the patient population that underwent consecutive primary reconstruction with use of allograft and performed a 1:2
match with corresponding patients who underwent nonconsecutive primary repair. The ﬁrst set of criteria was to match equivalent
gender. Once gender was matched, we evaluated BMI, age, and CCI
concurrently. Our criteria for a positive match for each pair was to
have the same gender, the same procedure, BMI within ﬁve points,
age within ﬁve years, and CCI within one point (when possible). In

Patient population
During the study period, 613 primary distal biceps repairs and
46 primary distal biceps reconstructions with allograft were performed. There were 46 male patients who underwent distal biceps
reconstruction with allograft (14 Achilles tendon and 32 semitendinosus). These were matched to 92 male patients that underwent
primary distal biceps repair. The average age, BMI, and CCI were
very similar between both groups (Table I). Although these
303
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parameters were controlled, the time to surgery from injury was
not (as this often accounts for why a graft was needed in a primary
setting). The graft population underwent reconstruction signiﬁcantly later than the direct primary repair population (Table I). The
number of distal biceps reconstruction with allograft performed at
speciﬁed time intervals from date of injury to surgery were as
follows: 2 to 6 weeks (n ¼ 17), 6 to 12 weeks (n ¼ 10), 12-26 weeks
(n ¼ 13), >6 months (n ¼ 6).

Table 2
Comparison of patient-reported outcomes scores and range of motion between
reconstruction with allograft group and direct repair group
Outcome measure

Patient-reported outcomes scores*
DASH
7.4 ± 18.0
MEPS
92.1 ± 19.7
Oxford Elbow Score
43.4 ± 11.0
Range of motion*
Extension
1 ± 3
Flexion
136 ± 5
Pronation
78 ± 9
Supination
77 ± 11

Outcomes
Of the 46 patients that underwent distal biceps reconstruction
with allograft, one (2.2%) required revision reconstruction. There
were no other reoperations in the graft cohort. Comparatively, 3 of
92 (3.3%, P ¼ .719) of the matched cohort of primary repair patients
underwent revision repair or reconstruction. There was one additional reoperation in the primary repair cohort, a scar excision and
lateral antebrachial cutaneous neurolysis. Final range of motion
data were similar between both groups at 12-week follow-up and
no signiﬁcant stiffness was reported (Table II).
Patient-reported outcome scores were collected at a mean of 5.1
years (range, 1.5-10.9 years) follow-up. There were 26 patients
(57%) that underwent distal biceps reconstruction with allograft
with outcome scores and these were compared with 71 primary
repair patients (77%) with outcome scores. There was no signiﬁcant
different in dash, Mayo, or Oxford Elbow Scores (Table II). Both
groups demonstrated good to excellent functional scores.

*

This study was a single-institution experience of 46 distal biceps
reconstructions with tendon allograft for chronic, irreparable distal
biceps ruptures. One patient (2.2%) required reoperation. These
patients were matched to 92 patients that underwent primary
distal biceps repairdof which 4 patients (4.4%) required
reoperation.
Our study found distal biceps reconstruction in the setting of a
chronic, irreparable tear can achieve a similar patient-assessed,
subjective result to primary repair. Similarly, reoperations are uncommon in both cohorts. Distal biceps reconstruction with soft
tissue allograft is a reliable alternative to primary repair in challenging clinical situations.
We observed one patient (2.2%) in the allograft reconstruction
group that required revision reconstruction and found this to be
consistent with previous reported reoperation rates in the literature. Table III compares number of cases, graft used, ﬁxation to
radial tuberosity, reoperation and nerve injury rate of the present
study to previous reports in the literature. Frank et al10 reported on
19 patients with chronic distal biceps rupture treated with semitendinosus autograft looped through transosseous tunnels in the
radial tuberosity, they reported 3 patients (16%) with transient

Table 1
Comparison of demographics between reconstruction with allograft group and
direct repair group
Reconstruction with
allograft (n ¼ 46)

Direct repair (n ¼ 92)

Age (years)
46.9 ± 10.3 (17-67)
47.0 ± 9.8
BMI (kg/m2)
31.3 ± 5.3 (22.6-44.4) 31.3 ± 4.8
CCI (No.)
1.2 ± 1.1 (0-5)
1.3 ± 0.9
Time from injury
116 ± 186.6 (15-1,095) 35.5 ± 59.3
to surgery (days) Median: 61.5

(21-66)
(21.2-45.2)
(0-4)
(3-446)

Direct repair
(n ¼ 92)

P value

1.6 ± 4.1
97.3 ± 6.4
46.8 ± 3.2

.23
.36
.25

0 ± 2
136 ± 3
76 ± 15
78 ± 12

.53
.81
.49
.96

Mean and standard deviation reported.

lateral antebrachial cutaneous neuropraxia and one case (5%) of
early graft failure at the muscle-tendon graft interface due to
trauma from patient noncompliancedno patients underwent
reoperation. Two smaller case series of 9 and 7 patients undergoing
semitendinosus autograft reconstruction for irreparable distal biceps rupture reported no graft failure, reoperation, or complication
at ﬁnal follow-up.11,31 Phadnis et al23 evaluated 21 distal biceps
reconstruction with Achilles allograft and reported 2 cases (10%) of
transient lateral antebrachial cutaneous neuropraxiadno reoperation or cases of graft failure. Snir et al28 evaluated 18 patients that
underwent late distal biceps reconstruction with allografts and
reported 2 transient posterior interosseous neuropraxias (11%) and
no reoperations or graft failure. Darlis et al8 evaluated 7 cases of
Achilles allograft reconstruction and reported one case of clinically
insigniﬁcant heterotopic ossiﬁcationdotherwise no complication
at ﬁnal follow-up were reported.
The present study found functional elbow range of motion was
reliably restored in patients undergoing allograft reconstruction or
direct primary repair. This is consistent with previous reports on
elbow range of motion after graft reconstruction.8,10,23,28 Although
the present study did not evaluate postoperative elbow
strengthdprevious studies have reported similar restoration of
postoperative supination strength between graft reconstruction
and direct primary repair. Frank et al10 evaluated patients with
chronic distal biceps ruptures, deﬁned as surgical treatment >21
days from injury, of which 19 underwent semitendinosus autograft
reconstruction and compared with 43 patients treated with primary repairdat ﬁnal follow-up (mean 47 months) supination
strength (Isometric supination strength [% of uninjured]: 78 vs. 78;
P ¼ .98) and elbow ﬂexion strength (isometric ﬂexion strength [% of
uninjured]: 90 vs. 89; P ¼ .81) were similar between groups. Darlis
et al8 reporting on 7 Achilles allograft reconstructions found at ﬁnal
follow-up (mean 29 months) mean maximum torque in supination
was 87% (range, 65%-118%) compared with the contralateral uninjured extremity.
In our study, postoperative patient-reported outcomes scores
(DASH, MEPS, and Oxford Elbow Score) were high and similar between allograft reconstruction and primary repair groups. Previous
reports have also found high patient-reported outcomes scores
after graft reconstruction (with no control primary repair
group).8,23,28 Phadnis et al reported mean postoperative Oxford
Elbow Score, QuickDASH score, and MEPS were 44.7 (range, 35-48),
4 (range, 0-20.5), and 92.9 (range, 70-100), respectively, at a mean
follow-up of 15 months (range, 6-35 months). Snir et al reported
postoperative mean follow-up at 21 months (range, 7-68.8
months), the mean DASH score was 7.5 ± 17.9, and the mean MEPS
was 94.2. Frank et al10 found subjective outcomes were slightly
better in patients treated with primary repair compared with

Discussion

Criteria*

Reconstruction with
allograft (n ¼ 46)

P value
.953
.596
.643
.007

BMI, body mass index; CCI, Charlson comorbidity index.
*
Mean, standard deviation, and range reported.
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Table 3
Comparing the present study with previous reports in the literature
Study ﬁrst author

No. of cases

Type of graft used

Type of radial tuberosity ﬁxation

Reoperation, no. (%)

Nerve injury rate, no. (%)

Hendy et al
(present study)
Frank et al10
Phadnis et al23
Snir et al28

46

Transosseus radial tunnel (76%),
Suture anchor or button (24%)
Transosseus radial tunnel loop (100%)
Suture button (100%)
Suture button with interference screw
(89%), transosseus radial tunnel (11%)

1 (2.2)

None

1 (5)*
None
None

3 (16)y
2 (10)y
2 (11)y

Vastam€
aki et al30

14

32 semiT allograft,
14 Achilles allograft
SemiT autograft
Achilles allograft
15 Achilles, 1 semiT,
1 gracilis, 1 AT;
(all allografts)
7 Plantaris,
6 EDL, 1 palmaris
longus (all autografts)
SemiT autograft
Achilles allograft
SemiT autograft

Suture anchor (50%), transosseus
radial tunnel (50%)

None

None

Transosseus radial tunnel (100%)
Suture Anchor (100%)
Suture button (100%)

None
None
None

None
None
None

Wiley et al31
Darlis et al8
Hallam et al11

19
21
18

7
7
9

SemiT, semitendinosus tendon; AT, anterior tibialis tendon; EDL, extensor digitorum longus.
*
Early graft failure due to trauma from patient noncompliance.
y
All cases of transient lateral antebrachial cutaneous nerve palsy.

autograft reconstructiondmean postoperative patient-rated elbow
evaluation (4 ± 4 vs. 14 ± 19, P ¼ .02) and MEPS (95 ± 7 vs. 86 ± 14,
P ¼ .04) and was trending toward signiﬁcance in the DASH questionnaire (3 ± 5 vs. 7 ± 9, P ¼ .08).
The present study had several limitations. This was a retrospective review with all the limitations inherent of that study
design. Surgical technique was not standardized. Elbow ﬂexion and
supination strength testing was not obtained in the postoperative
period. Preoperative patient-reported outcomes scores were not
obtained. Final follow-up was performed over the phone without a
physical examination and the ﬁnal follow-up was only 57% in the
study group. Finally, return to work or preoperative athletics were
not assessed in any standardized fashion. However, to best of our
knowledge, this is the largest series of irreparable distal
biceps ruptures treated with allograft reconstruction in the
literature.

5. Bosman HA, Fincher M, Saw N. Anatomic direct repair of chronic distal biceps
brachii tendon rupture without interposition graft. J Shoulder Elbow Surg
2012;21:1342-7. https://doi.org/10.1016/j.jse.2012.01.012.
6. Cain RA, Nydick JA, Stein MI, Williams BD, Polikandriotis JA, Hess AV. Complications following distal biceps repair. J Hand Surg 2012;37:2112-7. https://
doi.org/10.1016/j.jhsa.2012.06.022.
7. Cheung EV, Lazarus M, Taranta M. Immediate range of motion after distal biceps tendon repair. J Shoulder Elbow Surg 2005;14:516-8. https://doi.org/
10.1016/j.jse.2004.12.003.
8. Darlis NA, Sotereanos DG. Distal biceps tendon reconstruction in chronic ruptures. J Shoulder Elbow Surg 2006;15:614-9. https://doi.org/10.1016/
j.jse.2005.10.004.
9. Dillon MT, Bollier MJ, King JC. Repair of acute and chronic distal biceps tendon
ruptures using the EndoButton. Hand (N Y) 2011;6:39-46. https://doi.org/
10.1007/s11552-010-9286-4.
10. Frank T, Seltser A, Grewal R, King GJW, Athwal GS. Management of chronic
distal biceps tendon ruptures: primary repair vs. semitendinosus autograft
reconstruction. J Shoulder Elbow Surg 2019;28:1104-10. https://doi.org/
10.1016/j.jse.2019.01.006.
11. Hallam P, Bain GI. Repair of chronic distal biceps tendon ruptures using
autologous hamstring graft and the Endobutton. J Shoulder Elbow Surg
2004;13:648-51. https://doi.org/10.1016/S1058274604000771.
12. Hang DW, Bach BR, Bojchuk J. Repair of chronic distal biceps brachii tendon
rupture using free autogenous semitendinosus tendon. Clin Orthop
1996;(323):188-91.
13. Hovelius L, Josefsson G. Rupture of the distal biceps tendon. Report of ﬁve
cases. Acta Orthop Scand 1977;48:280-2.
14. Kaplan FTD, Rokito AS, Birdzell MG, Zuckerman JD. Reconstruction of chronic
distal biceps tendon rupture with use of fascia lata combined with a ligament
augmentation device: a report of 3 cases. J Shoulder Elbow Surg 2002;11:6336. https://doi.org/10.1067/mse.2002.126102.
15. Kelly EW, Morrey BF, O'Driscoll SW. Complications of repair of the distal biceps
tendon with the modiﬁed two-incision technique. J Bone Joint Surg Am
2000;82-A:1575-81.
16. Levy HJ, Mashoof AA, Morgan D. Repair of chronic ruptures of the distal biceps
tendon using ﬂexor carpi radialis tendon graft. Am J Sports Med 2000;28:53840.
17. Limpisvasti O, Singer DI. Single-incision suture anchor repair of distal biceps
tendon rupture. Tech Hand Up Extrem Surg 2003;7:82-6. https://doi.org/
10.1097/00130911-200309000-00002.
18. McCarty LP, Alpert JM, Bush-Joseph C. Reconstruction of a chronic distal biceps
tendon rupture 4 years after initial injury. Am J Orthop (Belle Mead NJ)
2008;37:579-82.
19. McKee MD, Hirji R, Schemitsch EH, Wild LM, Waddell JP. Patient-oriented
functional outcome after repair of distal biceps tendon ruptures using a singleincision technique. J Shoulder Elbow Surg 2005;14:302-6. https://doi.org/
10.1016/j.jse.2004.09.007.
20. Morrey BF, Askew LJ, An KN, Dobyns JH. Rupture of the distal tendon of the
biceps brachii. A biomechanical study. J Bone Joint Surg Am 1985;67:418-21.
21. O'Driscoll SW, Goncalves LBJ, Dietz P. The hook test for distal biceps tendon
avulsion. Am J Sports Med 2007;35:1865-9. https://doi.org/10.1177/
0363546507305016.
22. Patterson RW, Sharma J, Lawton JN, Evans PJ. Distal biceps tendon reconstruction with tendoachilles allograft: a modiﬁcation of the endobutton technique utilizing an ACL reconstruction system. J Hand Surg 2009;34:545-52.
https://doi.org/10.1016/j.jhsa.2008.12.019.
23. Phadnis J, Flannery O, Watts AC. Distal biceps reconstruction using an
Achilles tendon allograft, transosseous EndoButton, and Pulvertaft weave
with tendon wrap technique for retracted, irreparable distal biceps ruptures.

Conclusions
Patients with chronic, irreparable distal biceps ruptures treated
with allograft tendon reconstruction can expect similar failure
rates, reoperation rates, elbow range of motion, and patientreported outcomes scores as patients that are treated with primary repair.
Disclaimer
This study did not have any support from grants, equipment or
other items.
The authors, their immediate families, and any research foundations with which they are afﬁliated have not received any
ﬁnancial payments or other beneﬁts from any commercial entity
related to the subject of this article.
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